Background: Cardiovascular disease (CVD) is the main cause of death in patients on chronic dialysis. The question whether dialysis modality impacts cardiovascular risk remains to be addressed. China Collaborative Study on Dialysis, a multi-centers cohort study, was performed to evaluate cardiovascular morbidity during maintenance hemodialysis (HD) and peritoneal dialysis (PD).
Background
Cardiovascular disease (CVD) is the leading cause of death among patients undergoing maintenance dialysis. Compared with the general population, dialysis patients have a 10 to 20 times greater incidence of cardiovascular death [1] [2] [3] [4] . The need to identify CVD and its risk factors in such population has never been greater.
Difference in the burden of cardiovascular morbidity in dialysis patients among selected countries has been described previously [5] . The prevalence of coronary artery disease in Asian dialysis population seems relatively lower than that in patients from western countries [5] [6] [7] . The reason for the difference has not been clarified but may correlate to the background cardiovascular morbidity in their respective general population [8] , as well as the baseline characteristics of the dialysis population.
China is a country with huge population and increasing burden of ESRD [9] . Our and others' previous studies [6, 7, 9] have showed the characteristics of Chinese dialysis population. Compared with the United States and Europe where diabetes was the number one cause of ESRD, the leading cause of ESRD in China is chronic glomerulonephritis [6, 7, 9] . The average age of Chinese dialysis patients was ten-years younger than those in western countries [6, 7] . It is reasonable to hypothesize that the pattern of CVD and the risk factors for CVD in Chinese dialysis patients might be different from that in other ethnic populations. However, despite the large and growing population of maintenance dialysis in China, there has been lack of data on CVD in this population.
Risk factors for CVD in dialysis patients include those that affect the general population (traditional risk factors) and those related to end stage renal disease (ESRD) ( nontraditional risk factors), as well as those that are specific to chronic dialysis. Although the faster deterioration of CVD in ESRD patients has been considered due mainly to accumulation of traditional and non-traditional risk factors [10] [11] [12] , the question whether dialysis modality impacts cardiovascular risk remains to be addressed. Cardiovascular disease is often present in patients initiating dialysis, but may also develop during chronic dialysis treatment.
To address the relevant question, it is important to know the impact of dialysis modality on outcome in patients with existing CVD, and also, on emergence of "de novo" CVD during dialysis. However, there are few studies comparing CV risk of peritoneal dialysis (PD) versus hemodialysis (HD) patients and evaluating the impact of dialysis on development of CVD. Outlining the epidemiological data on CVD in patients on HD and PD might be an important step to evaluate the impact of dialysis modality on CVD.
The goal of the present study was to evaluate the prevalence of CVD in a representative Chinese population undergoing maintenance dialysis. We also compared the prevalence and risk factors of CVD between patients on HD and PD.
Results and discussion
Patient characteristics in the CCSD cohort A total of 2,388 adult patients were enrolled in CCSD. Both maintenance HD (n = 1,775) and PD (n = 613) patients were included. The patient characteristics were showed in Table 1 . In this cohort, 1313 (55%) were male. The mean age was 54 years old. The median time for dialysis was 26 months (12-51 months) . In regard to the etiology of ESRD, primary glomerular disease was the most frequent, affecting 1097 (45.9%) patients. Diabetes was the second (21.4%). In this representative cohort, the predominant patients (75%) were on HD and 25% patients were on PD. Compared with HD patients, PD patients were younger with shorter dialysis vintage. In addition, hypertension, elevated BMI, and hypertriglyceridemia were more prevalent in PD patients.
Cardiovascular morbidity in the CCSD cohort
Cardiovascular morbidity was defined as any description of clinically diagnosed ischemic heart disease, heart failure, stroke, or peripheral vascular disease in each medical record from initiation of dialysis. As shown in Table 2 , cardiovascular morbidity affected 57% patients in this cohort. Even though the overall cardiovascular morbidity was comparable between HD and PD patients (56.3% vs. 58.9%), the proportion of patients with ischemic heart disease and stroke was significantly more prevalent in patients on PD than those on HD ( Table 2 ).
Since development of CVD is a time-dependent process and there was a difference in age and dialysis vintage between HD and PD population, we further compared the cardiovascular morbidity in patients stratified by age and dialysis vintage, separately. As shown in Figure 1A , the cardiovascular morbidity was significantly more prevalent in PD than HD among those aged 50 years or older. The similar trend was observed in clinically diagnosed heart failure, ischemic heart disease, and stroke (Figure 1 B-D). When comparison was made in patients stratified by dialysis vintage, the overall cardiovascular morbidity, heart failure, and ischemic heart disease were also more prevalent in PD than HD patients among those receiving dialysis for more than 36 months (Figure 2A -C). The proportion of stroke was significantly higher in PD compared to HD patients in each category of dialysis vintage ( Figure 2D ). Since the number of patients with peripheral artery disease was limited, analysis according to stratification was not performed.
In our cohort, the mean age of HD patients was higher than that of PD population. Higher mortality in older patients may result in lower cardiovascular morbidity in survivors. To reduce the bias, we compared mortality during the evaluation period between HD and PD patients. The annual rate of all-cause mortality was 8% in HD and 10% in PD patients. The proportion of cardiovascular death in total mortality was comparable between HD and PD population (52% vs. 48%).
Risk factors of CVD in the CCSD cohort
To identify the risk factors correlated with CVD, we conducted a univariate and a multivariable logistic regression analysis. Variables associated with CVD at the univariate analysis were shown in Table 3 . Odds ratios were obtained from logistic regression analysis. The risk factors that were significant at P < 0.05 were then simultaneously entered into the stepwise logistic regression to identify independent risk factors for CVD. As shown in Table 4 , the risk factors for cardiovascular morbidity in this cohort included old age, smoking, hypertension, Hypertriglyceridemia, low level of hemoglobin, and elevated levels of C-reactive protein. It is interesting to note that the risk factors of CVD showed different pattern in PD and HD patients. Hyperglycemia was the strongest risk factor for CVD in PD (OR, 2.43; 95% CI, 1.22-2.62), but not in HD patients. Hypertriglyceridemia and hypoalbuminemia were the independent risk factors for CVD only in PD population (Table 4 ).
Discussion
We found in the present study that cardiovascular morbidity prevalence remains as high as 57% in Chinese dialysis population, even with less diabetes and more glomerulonephritis comparing to Western countries. Compared to HD patients, PD patients had more prevalent CVD among those aged 50 years or older and those receiving dialysis for more than 36 months. The risk factors for cardiovascular morbidity in PD patients had different pattern compared to HD population. The question whether dialysis modality impacts the risk of CVD remains to be addressed. It is important to know the impact of dialysis modality not only on outcome in patients with existing CVD, but also on emergence of "de novo" CVD during dialysis. However, there are few studies evaluating the development of CVD in dialysis patients. Our study found that clinically diagnosed CVD after initiation of dialysis was more prevalent than expected. The ischemic heart disease was 22.7%, heart failure 44%, stroke 9.6%, and peripheral artery disease 3.3%. Heart failure was the most prevalent cardiovascular morbidity occurred during chronic dialysis.
Studies comparing the outcomes with PD and HD patients have shown conflicting results [13] [14] [15] , probably due to difference in study populations (incident or prevalent dialysis patients) or methodology. Therefore, valid comparison between HD and PD requires patient stratification according to the major risk factors [16] . The present study showed that the overall cardiovascular morbidity was comparable between HD and PD patients. However, this result could be biased by the difference in age and dialysis vintage between patients on the two dialysis modality since CVD is a time-dependent process.
To reduce such bias, we classified the patients by age and dialysis vintage. We found that cardiovascular morbidity and its composites such as heart failure, ischemic heart disease, and stroke were significantly higher in PD compared to HD patients among those aged 50 years or older and those receiving dialysis for more than 3 years. The lower cardiovascular morbidity in HD patients was not related with high mortality since annual rate of allcause and cardiovascular mortality was relatively lower in patients on HD.
The reasons for the increased cardiovascular morbidity in our PD patients remained elusive. There might be two explanations. First, the PD patients enrolled in the study were all treated by the conventional PD solution containing high concentration of glucose, since icodextrin-or amino acid-based dialysate is not commercially available in China. Long-term exposure to high level of glucose or glucose degradation products may lead to cumulative metabolic stress and resulting in development or worsening of CVD [17, 18] . This hypothesis was supported by the fact that hyperglycemia served as the strongest independent risk factor in the multiple logistic regression model than the other known risk factors. Furthermore, increased BMI and hypertriglyceridemia were more common in PD than HD patients. Alternatively, the prevalence of hypertension, probably reflecting an inadequate control of fluid volume, was more common in PD than HD patients in our population (92.3% vs. 81.5%).
The risk factors for CVD specifically related to chronic dialysis have not been well established. Traditional and non-traditional CVD risk factors were both identified in our cohort. However, the prevalence of traditional risk factors such as diabetes, smoking, higher BMI, and hyperlipidemia was less frequent as compared with dialysis population in western countries [5, 19] . Meanwhile, uremia-related risk factors seemed more prevalent in our cohort. Even though erythropoietin was widely used (85%), anemia was very common in Chinese dialysis patients. The mean level of hemoglobin in the present cohort was below 120 g/L, an optimal target recommended by KDOQI [20] .
In the multivariate logistic regression analysis, the risk factors for cardiovascular morbidity in this cohort included old age, smoking, hypertension, hypertriglyceridemia, low level of hemoglobin, and elevated levels of C-reactive protein. It is interesting to note that the risk factors of CVD had different pattern between PD and HD patients. Metabolic disturbance-related risk factors, such as hyperglycemia, hypertriglyceridemia and hypoalbuminemia, were independently associated with cardiovascular morbidity only in PD patients. It has been shown that high glucose load and the presence of glucose degradation in conventional PD solution may lead to accumulation of advanced glycation end products which has been implicated in the development of CVD [17, 18] .
In the present study, the dialysis modality was not randomly selected and was affected by economic and social status as well as access to medical center. To confirm the impact of dialysis modality on CVD, a randomized control study would be needed. To reduce case mixedrelated bias, this study included patients from nine of the largest dialysis facilities in China. Therefore, the results may only reflect the characteristic of dialysis population in academic and central dialysis facilities in China.
Conclusion
We demonstrated that cardiovascular morbidity during chronic dialysis was higher than expected in a Chinese population. The cardiovascular morbidity was more prevalent in PD than HD patients among those over 50 years of age and those receiving dialysis for 3 years or more. The risk factors for CVD showed different pattern between PD and HD patients. Metabolic disturbancerelated risk factors, such as hyperglycemia, hypertriglyceridemia and hypoalbuminemia, were independently associated with cardiovascular morbidity only in PD patients. Since CVD remains the leading cause of death in dialysis population worldwide, understanding the impact of dialysis modality on CVD in different population would be an important step for prevention and treatment.
Methods

Study population
The study cohort consisted of chronic patients from the hospital database of 9 of the largest dialysis facilities (the number of patients on HD ≥200 or PD ≥100) in 6 cities around China (Beijing, Shanghai, Guangzhou, Hangzhou, Wuhan, and Xian). The inclusion period for the present study was between January 1, 2005, and December 1, 2010.
Among the cohort, 5.6% (HD, n = 125; PD, n = 8) of patients had been on chronic dialysis before transferred to the selected facility. Appropriate approval was obtained from the local ethics committee.
All adult (older than 18 years) patients with ESRD undergoing dialysis for at least 3 months in the selected facilities were enrolled. The patients who had clinically diagnosed ischemic heart disease, heart failure, stroke, and peripheral vascular disease at initiation of dialysis were excluded. Ischemic heart disease was defined as the presence of myocardial infarction, coronary revascularization procedures, angina, and ischemia on electrocardiogram or other diagnostic tests [5] . The diagnosis of heart failure was based on an ejection fraction below 40% or New York Heart Association Criteria grade 3 or more [21] . Peripheral vascular disease was defined as the presence of amputation of digits or extremities secondary to vascular disease, peripheral arterial bypass or angioplasty, intermittent claudication, recurrent cellulitis secondary to vascular disease [22] .
A total of 2,388 (1,775 on HD and 613 on PD) patients were analyzed.
Data collection
All data were collected at enrollment on the bases of review of medical records. All records were abstracted by two experienced dialysis research nurses. The following data were collected: demographic data, underlying renal diseases, medication records, dialysis modality, dialysis program, and cardiovascular morbidity which was defined as the presence of clinically diagnosed ischemic heart disease, heart failure, peripheral vascular disease, and/or stroke after initiation of dialysis.
Hematology and biochemistry measurements, timeaveraged over the latest 3 months, were recorded. Fasting venous serum specimens were collected before dialysis session in HD patients or at the clinical visit in PD patients. Blood test was performed by the clinical laboratories in individual dialysis facilities.
Blood pressure measurement was taken before each of the three HD sessions or each of the three PD visits, all after 10 minutes of rest in a supine decubitus position.
Dialysis regimens
Patients maintained on HD were dialyzed twice or thrice weekly with low-flux polysulphone or polyacrylamide dialyzer, either 1.5 or 1.7 m 2 (Fresenius, Germany; Gambro, Sweden; Nipro, Japan; B. Braun, Germany; Langsheng, China). All treatments were of 4-hour to 5-hour duration with conventional glucose-free, bicarbonate-based dialysate containing 1.25 mM-1.5 mM calcium, 2.0 mM potassium, and 138 mM sodium. Dialysate flow was 500 ml/min.
All PD patients used lactate-buffered, 1.36% to 3.86% glucose-containing solutions (Baxter) as prescribed for routine clinical care. Patients were followed up every 1~3 months in each center.
